Background: There were recurrent upsurges in demand for public hospital services in Hong Kong. An understanding of the contribution of some possible factors for the rise in health care burden would help to inform hospital management strategies. Aim: To evaluate the utilization patterns of hospitalizations in medical wards among public acute hospitals in Hong Kong during surge periods. Design: Retrospective study. Methods: By extracting the information in press releases between 2014 and 2018, descriptive statistics about medical ward occupancy situation during six surge periods were generated. A time series model was constructed to estimate the occupancy rate at each hospital and assess its relationship with the intensity of seasonal influenza activity, extreme weather, day of week and long holidays. Results: There was a significant increase in the number of admissions to medical wards in all six surge periods. A significant variation in occupancy rate between weekdays and geographic regions was observed. The occupancy rate in 10, out of 15, hospitals was significantly associated with the influenza activity, while there was limited effect of weather on the occupancy rate. A significant holiday effect was observed during Christmas and Chinese New Year, resulting in a lower bed occupancy rate. Conclusions: A differential burden in public hospitals during surge periods was reported. Contingency bed and staff management shall be tailored to individual hospitals, given their differences in the determinants for inpatient bed occupancy.
Introduction
Population changes and ageing effect have led to an increasing demand for various healthcare services, posing a challenge to health care system in Hong Kong and many other developed countries. 1 Since early 1990s, Hospital Authority (HA) has been the statutory organization responsible for managing all public hospitals in Hong Kong, where is home to a population of over 7 million. The public hospitals are currently providing approximately 80-90% of inpatient medical services. 2 The general high demand for inpatient care could be reflected by the growing number of inpatient days from 7.5 million in 2013/14-8.0 million in 2016/17. 3, 4 While the average overall occupancy rate of public hospitals was already as high as 90%, 5 which was much higher than the average at 76% across Organization for Economic Cooperation and Development (OECD) countries, 6 the increasingly congested wards during the surge periods would have imposed immense pressure on hospital staff in maintaining the standard of care in patient management. It is hypothesized that the surge in health care demand could be influenced by a number of factors. First, the demand surge could be affected by the level of influenza activity in Hong Kong, as the surge periods match with the typical bimodal peaks of seasonal influenza from January to March and from July and August. 7 Although excess hospitalization associated with influenza-related morbidity was quantified in Hong Kong, 8 its impact on individual hospitals was poorly understood. An assessment on how different hospitals react to an upsurge of influenza activity is important to plan strategic management of available beds. 9 Second, extreme temperatures, especially for cold weather, were found to enhance the risk of emergency hospital admissions due to an exacerbation of some chronic conditions in Hong Kong. [10] [11] [12] [13] However, there was a limited evaluation of its impact on inpatient bed occupancy. Third, it is speculated that a reduced service capacity during long holidays, such as Christmas, Chinese New Year and Easter, would have an effect on inpatient bed occupancy rate. While a bed crisis during winter period or holidays have been reported in some other countries, [14] [15] [16] the effect for each of these long holidays on inpatient bed occupancy in a Chinese community was seldom explored. Against this background, a retrospective study was conducted to describe the utilization patterns of inpatient medical wards among public hospitals in Hong Kong during surge periods. Potential confounding factors on inpatient medical wards would be differentiated for each public hospital by time series modelling. Characterization of the utilization patterns and evaluation of their inter-relationship with some possible factors would inform the areas for health care improvement, which could be useful to enhance the preparedness for forthcoming surge periods.
Materials and methods
Inpatient and accident and emergency (A&E) data for this study were extracted from the HA official website between January 2014 and April 2018. 17 To demonstrate organizational accountability and transparency to the public, HA reported the service demand through daily press release during surge periods. The service demand was represented by the number of inpatient admissions to medical wards via A&E department and medical inpatient bed occupancy rate at midnight. These two daily measures were available for 15 public acute hospitals and overall public hospitals in Hong Kong. Reference values during nonsurge periods were also reported for comparison. Daily average number of medical hospitalization via A&E in all public acute hospitals in Hong Kong was first assessed and compared with the corresponding reference values in nonsurge period by one sample t-test. Secondly, the number of days having significantly lower or higher occupancy rate in individual hospitals was counted when the daily rates fell outside an interval spanning over median plus or minus two median absolute deviation (MAD) of all daily statistics.
Time series models with auto-regressive terms were then constructed to assess the factors associated with medical inpatient bed occupancy rate for each hospital. In each model, independent variables included influenza activity, admission to Other time indicators were used in the time series models. To describe the variation of occupancy rate in different days of week, dummy variables of day of week using Wednesday as reference were included in the model. The first surge period was also used as a reference period for evaluating the change in level of occupancy rate in the later surge periods. Holiday effect was included to take account for the changes in occupancy rate during Christmas, Chinese New Year and Easter holidays. Firstorder auto-regressive term was also introduced to adjust for the auto-correlation between occupancy rates in two consecutive days. All analyses were conducted in R version 3.4.0. Statistical difference was considered significant when P values was less than 0.05.
Results
The extracted data covered the service statistics on a total of 454 days between January 2014 and April 2018. The periods covered was depicted in Figure 1 , together with the overall daily occupancy rate and influenza activity. Chronologically, the average daily occupancy rates were 103.9%, 102.9%, 108.5%, 103.1%, 105.0% and 108.9%, respectively, in the six surge periods. During the surge periods, all daily average medical hospitalization via A&E was significantly higher than their respective reference periods (Table 1) .
Over the 454-day period, the overall average medical bed occupancy rate was 105.8%, ranging between 96.2% and 114.1% among 15 hospitals ( Table 2 ). The number of days with more than 100% occupancy in medical wards ranged from 162 days (35.7%) to 435 days (95.8%). Five hospitals (Hospital A, B, C, D and M) had 28 days or more with a rate below the lower limit of the daily thresholds and never had a single day with the occupancy rate exceeding the upper limit of the daily thresholds. Geographically, these five hospitals included all three public hospitals on Hong Kong Island, one of the four major regions in Hong Kong. In contrast, four hospitals (Hospital E, G, N and P) had more than two dozen days with a medical bed occupancy rate over the upper limit of the daily thresholds and none of them had a day with the occupancy rate below the lower limit of the daily thresholds. These four hospitals were distributed in three regions, other than Hong Kong Island.
From the results of the time series modelling shown in Table 3 , some consistent utilization patterns of inpatient medical wards among all 15 public hospitals could be summarized as follows. First, significant positive coefficients for Monday and Tuesday and significant negative coefficients for Friday and Saturday implied a weekly variation in bed occupancy rate, which generally peaked in the beginning of the week and reached the trough just before the weekend. Second, there was a significant holiday effect, due to Christmas and Chinese New Year, resulting in a lower occupancy rate. Third, the standardized hospitalization via A&E was positively associated with the occupancy rate of medical wards in all 15 hospitals. Fourth, most coefficients for extreme weather factors were insignificant.
Nevertheless, the influence of some other factors varied across hospitals. Significant positive association with influenza activity was only found in 10, out of 15 hospitals. It implied a higher occupancy rate during the periods with raised level of influenza activity in these 10 hospitals. A significant holiday effect of Easter was present in five hospitals only and its effect on occupancy rate was inconsistent. For the seasonal effect, there was no consistent pattern for the sign of the coefficient for different surge periods, indicating that individual hospitals might have been affected in a different way during the six surge periods.
Conclusions
This study reported a heavy but differential burden on health care services in public hospitals during six surge periods since 2014 in Hong Kong and characterized the medical ward utilization patterns through a time series modelling approach. Our analyses on the inpatient medical occupancy rate offered a simple but useful means for distinguishing hospitals of high and low burden, characterizing the role of some possible factors and suggesting areas for improvement in healthcare management.
One of the major findings in this study is the significant variation in occupancy of medical beds between days of week. This finding was in line with the timing and pattern of the peaks and troughs of bed occupancy reported in another study in the United Kingdom, which attributed to the variability in bed usage to a 'weekend effect'. 16, 21 After adjusting for the number of admissions via A&E in the analyses, our results suggested a disparity in discharge rate, rate of non-A&E admission, or both throughout the week. As the proportion of admission not via A&E, such as scheduled admission and hospital transfer, was much smaller than that via A&E, 22 the weekly variation in occupancy rate was expected to be largely driven by the differential discharge rate. During weekends, the relatively lower discharge rate would have cumulated patients in the ward, probably due to a lower attendance of doctor-in-charge. When scheduled admission reappeared on Monday, the overloaded bed occupancy situation would be more severe in the beginning of each week, especially during the surge periods. In view of this weekly cycle of occupancy pattern, there was room in improving the situation of the fully occupied ward by taking some short-term measures, such as re-scheduling of elective admission, making special staff arrangement during weekends and implementing other contingency bed plan. 23 These short-term measures shall aim to even up the weekly variation of discharge rate and the triage of non-acute cases to convalescent or ambulatory care settings, such as fast-track out-patient care, day care service or outreach community care. As reflected by the significantly higher number of medical hospitalizations via A&E, a higher burden in medical wards was consistently found during all the surge periods in this study. While the demand growth for inpatient services is expected to be rapid due to ageing population in the coming years, formulation of medium-and long-term measures, such as hospital development plan, access block system and strategic planning of healthcare manpower, are apparently required to enhance the capacity of hospital services. 24 For the time being, the burden and reliance on inpatient services shall also be reduced by provision of appropriate ambulatory care and development of an effective discharge planning system, as 40% of unplanned readmissions were found to avoidable in a previous study. 25 In addition to the overall utilization patterns of inpatient services, the findings about the difference in occupancy patterns of individual hospitals also have bearings on inpatient care management. For example, some hospitals appeared to have a significantly higher occupancy rates in medical wards more frequently than the others, indicating the imbalance between demand and supply of inpatient care in some regions. This observation could be related to the previously reported geographical variation in the utilization of hospital health services in the public sector in Hong Kong. 26 This service gap shall be minimized by reallocation of health care resources in both short and long run, grounded on health needs derived from the existing population profiles, future population projection in their respective catchment areas and the availability of inpatient services in the private sector. Moreover, occupancy rates were still sensitive to seasonal influenza activity in two thirds of the acute public hospitals in Hong Kong, after adjusting for cold weather and hospital admissions. This observation suggested targeted interventions at these hospitals might be effective for relieving the burden in inpatient medical wards during influenza peak season. This study carries a few limitations. First, selection bias on the time series data could not be ruled out, as the periods with daily statistics of medical inpatient services disseminated to the public through press release were decided by HA. These figures were usually released to manage public expectation on the waiting time at A&E departments and alert the public of the possible postponement of elective services, when health care services offered from HA were under pressure. The data covered in this study would, therefore, be representative to those periods with an upsurge in service demand faced by HA, which took into account of the majority of inpatient services in Hong Kong. Moreover, reference periods, as well as the reference daily figures, for comparison between surge and non-surge periods were suggested by HA, as stated in the press releases. The variance of the reference daily figures in non-surge periods was not Table 3 . Regression coefficients of the time series models estimating the inpatient medical bed occupancy rate for each hospital
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Hospital considered, leading to a higher chance of having a type I error.
To overcome these limitations, further analyses by using a continuous time series covering the entire period shall be conducted, such that a clear definition of surge periods and reference daily key service statistics for comparison could be derived. In addition, the occupancy situation and the flow of patients in medical inpatient wards could be evaluated in greater details, if some additional data, including the number of discharges, the number of non-A&E admissions and length of stay of patients, were also available. The daily number of beds, including both routine beds and additional beds opened in response to the surge period, in each hospital was another important information missing in this study, but useful in evaluating medical ward management.
In conclusion, this time series modelling study provides a snapshot of the utilization patterns of medical inpatient services during surge periods by using publicly available data. A significant weekly and geographical variation in bed occupancy rate in medical wards was found. A reduced medical inpatient occupancy rate due to holiday effect during Christmas and Chinese New Year was observed in this city with Chinese as the major community. As compared with cold weather, impact of seasonal influenza activity on bed occupancy rate was found to be prominent. The results in this study could help inform the prioritization of short-term measures, as well as future resource allocation and hospital planning.
